Th e main aims of this study were to determine the overwintering form and the primary inoculum of Erysiphe necator, the causal agent of grapevine powdery mildew in southern Syria. Eleven vineyards located at fi ve diff erent geographical sites were visited every week from March to November in 2014 and 2015. Th e results of fi eld and histopathological studies showed that E. necator survived as mycelium in dormant grapevine buds during the winter season. Th e fi rst fl ag shoots were observed shortly aft er bud break in spring. Th e number of fl ag shoots varied greatly according to vineyards, cultivars and years, being present on 27.4 to 61.9% of the grapevines in 2014, and on 5.2 to 40% of the grapevines in 2015. Th e percentage of fl ag shoots on the same grapevine also varied according to the year, cultivar and location. It was between 4.3 to 9.4% in 2014, and 2.1 to 3.6% in 2015. Th e disease was observed only on Balady and Black cultivars. Conidia were released from the second week of May to early September. Th e fi rst conidia were trapped around mid-May, and the fi rst secondary symptoms were observed on leaves from mid-May to early June according to the site. Chasmothecia were observed on leaves in 45.5% of the studied vineyards. Th e fi rst observation of chasmothecia on leaves was in July, and their numbers varied greatly between vineyards and years. Chasmothecia were not detected on bark, nor were ascospores trapped at the beginning of the season. Th ese results confi rmed that the ascospores did not have any role in the initiation of spring infection. To the best of our knowledge, this is the fi rst report of the overwintering form of E. necator in Syria.
Introduction
Grapevine powdery mildew, caused by Erysiphe necator (syn. Uncinula necator) is the most widespread and destructive disease of grapevines (Halleen and Holz 2001; Khiavi et al. 2009 ). Powdery mildew may be observed on all the green parts of the grapevine: leaves, branches, infl orescences, pedicels and berries (Bulit and Lafon 1978) . Erysiphe necator produces sexual fruiting bodies (chasmothecia) only on the surface of heavily diseased grapevine tissue (Hill et al. 1995; Fathi and Karbalaei 2012) . Chasmothecia are produced primarily on leaves, but also on shoots, bunches, rachises and berries (Pearson and Gadoury 1987) . Many aspects of the epidemiology of grapevine powdery mildew were reviewed by Gadoury et al. (2011) . Th ere are two principal sources of primary inoculum: hyphae inside dormant buds and chasmothecia on the surface of the grapevine. In areas with relatively mild winters, the fungus remains dormant as mycelium in buds until the following spring, when lateral infected buds give rise to fl ag shoots covered with white mycelium and abundant sporulation (Sall and Wyrsinski 1982; Pearson and Gärtel 1985) . Conidia produced on these fl ag shoots infect neighboring shoots and grapevines (Pearson and Gadoury 1987) . Flag shoots are most easily detected 3-8 weeks aft er bud break, and they appear to be most prevalent on grapevines of more susceptible varieties that were heavily diseased early in the previous season. Most fl ag shoots also appear on the same grapevines year aft er year (Bleyer et al. 1998) . Th e incidence of fl ag shoots in vineyards is usually very low, ranging from 0 to 0.2% (Emmett et al. 1990) .
In most viticultural areas, chasmothecia that lodge on the grapevine bark are the main source of primary inoculum of powdery mildew, and they provide an additional source of primary inoculum when the fl ag shoots are common (Hill et al. 1995) . Chasmothecia can form on all infected tissues from early summer to autumn. Environmental factors such as temperature, day length, humidity, leaf age and host resistance do not aff ect chasmothecium initiation and, once initiated, only temperature and host resistance aff ect their growth (Pearson and Gadoury 1987) . However, the density of ascospores in the air is correlated with weather factors especially rainfall (Holb and Füzi 2016) . Initial infections due to ascospores are most often found on the undersides of the fi rst-formed leaves of shoots growing in close proximity to the bark of the grapevine. Rainfall is therefore a critical event in the release of ascospores and the initiation of powdery mildew epidemics in areas where chasmothecia are sources of primary inoculum. Ascospores germinate in water as well as at relative humidity as low as 54% (Pearson 1990) .
In southern Syria, powdery mildew is one of the most important grapevine fungal diseases, and it causes heavy yield losses because the weather conditions are favorable for its development. In this area, an intense application of fungicides from bud break to the end of the season is necessary to protect grapevines from the disease. No studies have been previously conducted on the biology of E. necator in Syria, and the sources of primary inoculum are still not clear. So, the objectives of this study were to determine the biology and the overwintering form of E. necator in vineyards of southern Syria.
Materials and Methods

Observations on fl ag shoots
In 2014 and 2015, 11 vineyards located at fi ve diff erent geographical sites in Sweida in the south of Syria, where many local grape cultivars are grown (Tab. 1), were visited every week from March to November of each year. Th e presence and distribution of fl ag shoots were surveyed at the beginning of each growing season (April-May). Th e date of the appearance of the fi rst powdery mildew symptoms was recorded, and it was determined whether they originated from an infection by sexually produced ascospores or were produced by infection from in-bud overwintered mycelium. Th en, the development of powdery mildew was continuously observed.
Examination of dormant twigs for survival of fungal mycelium
During March, just before bud break, grapevine branches showing reddish-brown to black discoloration on the surface were collected from 20 Balady and Black grapevine cultivars from diff erent experimental sites (Kanawat 1 st , Kanawat 2 nd and Daher Aljabel/3), and taken to the laboratory for further study. Buds were removed, and thin profi les were prepared by fi xing, staining, molding in paraffi n and microtome profi ling, according to Gee et al. (2000) . Profi les were then examined under a light microscope for the detection of E. necator mycelium.
Conidia and ascospores release
In this experiment, for determination of primary and secondary infection sources, in each vineyard, 125 × × 10 × 2.5 cm wooden stands were built with platforms 25, 50, 75 and 100 cm above the soil surface. Each platform was 75 mm height by 2.5 mm thick. At the beginning of March, three stands were placed between the rows in each of four selected locations (Kanawat 1 st , Daher Aljabel/1, Daher Aljabel/2 and Daher Aljabel/ Albassah). Th en, four microscopic slides covered with Vaseline were vertically placed on each of the four platforms of all the stands for spore trapping. Slides were taken to the laboratory every 7 days. Each week 192 slides were stained with cotton blue-lacto-phenol solution, and the numbers of trapped spores were morphologically identifi ed and recorded using a light microscope (Holb and Füzi 2016) .
The occurrence of chasmothecia
The occurrence of chasmothecia and their formation development were assessed through observation of leaves in eleven vineyards. One hundred leaves showing powdery mildew symptoms were collected every 7-10 days from June until leaf fall. In spring, just before bud break, 50 samples of branches were collected, brought to the laboratory and examined for chasmothecia formation on the bark (Cortesi et al. 1995) . Leaves and branches were examined with a stereo binocular for observation of the chasmothecia, and the number of chasmothecia was estimated on the upper and lower surfaces of the leaves. Samples of 30 g of bark were placed in 2 l Erlenmeyer fl asks containing 1.5 l of water. Th e fl asks were shaken vigorously by hand for 3 min and the suspension was filtered through 120--mesh and 150-mesh Cobb sieves. Th e contents of the 150-mesh sieve were recovered in 25 ml of water, and the suspension was examined under a light microscope (Hajjeh et al. 2008 ).
Statistical analysis
One-way analysis of variance was carried out using SPSS15 statistical program at p ≤ 0.05 to compare differences in the number of conidia captured during the grapevine growth season at each of the four platforms of the wooden traps.
Results and Discussion
Flag shoots
In spring, the fi rst fl ag shoots were observed and recognized shortly aft er the bud break. Shoots, covered with white mycelium and abundant sporulation, were short (5-15 cm long) with wrinkled and deformed leaves. Th e uninfected shoots were from 30 to 50 cm long. Flag shoots were found in 1, 2, 3, 4, 9 and 11 vineyards during the two years of observations (Table 2) . Th e fi rst fl ag shoots, 8-15 cm long were observed in the Kanawat and Salkad vineyards at the end of April, and in early May in Daher Aljabel/3 in 2014. Whereas, they were observed later in 2015, and weren't noticed until the end of May at the Kanawat sites with fl ag shoots 5-9 cm long, and in early June at the 3 rd Daher Aljabel site. Th e number of fl ag shoots varied greatly from vineyard to vineyard, cultivar to cultivar and year to year, being present on 27.4 to 61.9% of the grapevines in 2014, and on 5.2 to 40% of the grapevines in 2015. Flag shoots were absent in vineyards No. 7 and 8, although powdery mildew symptoms were observed later as small colonies on leaves and berries. No flag shoots were observed in vineyards No. 5, 6 and 10 during the two years, and Helwani and Salty cultivars didn`t show any symptoms of powdery mildew infection. Th e percentage of fl ag shoots on the same grapevine also varied according to the year, the cultivar and the location. It was between 4.3 to 9.4% in 2014, and 2.1 to 3.6% in 2015. Th ey were observed on Balady and Black cultivars, but they were not observed on Helwani and Salty cultivars. Flag shoots were also seen more frequently in 2014.
Th ese results were also confi rmed by cytological study, which detected dormant mycelium in 12.7% of the observed grapevine buds.
Conidia release
The first conidia were trapped around mid-May in Kanawat 1 st (Fig. 1) and at the end of May in Daher Aljabel (Fig. 2) . Th e number of conidia increased with time until mid-June, then it began to decrease gradually. It is clear that the largest number of conidia was trapped at a height of 25 cm in the wooden trap, while a relatively small number of conidia was trapped at a height of 100 cm in Kanawat's 1 st location, where the grapevines are planted using the earth-trellised "Jui" system ( Fig. 1) . While the number of conidia trapped in the Daher Eljabel location was relatively low, it also increased until the end of June. More conidia were captured at the higher platforms of the wooden traps (50 and 75 cm). Th e vines at this site are planted using a lateral cordon training system.
Chasmothecia formation
Leaves were examined for chasmothecia formation from July to November, 2014-2015. Th ey were detected in 5 out of 11 vineyards during the two years of the survey. Th e number of chasmothecia formed on the leaves at the end of the season was estimated only in vineyard No. 1 (Kanawat 1 st ) in 2014-2015, and vineyard No. 4 (Kanawat 2 nd ) in 2015. The results showed that the number of chasmothecia varied between vineyards and years. In 2014, their numbers ranged between 27 (vineyard No. 4) to 252 (vineyard No. 1) on 100 leaves (Fig. 3) . The first detection of chasmothecia on leaves was at the beginning of July in two of the surveyed vineyards and during the two years of the survey, but the number of chasmothecia also varied greatly between years in the same vineyard. In Kanawat 1 in November 2014 there were 367 while in November 2015 there were about 198. Figure 4 shows the mean number of chasmothecia seen in each month.
At the time of bud break, in March-April 2014 and 2015, chasmothecia were not found on grapevine bark. No ascospores were trapped in the wooden traps at the beginning of the season.
Th e results of this study showed that the causal agent of grapevine powdery mildew (E. necator) overwinters as mycelium in dormant buds of the grapevines, where it stays in a dormant state until the following season. Although chasmothecia have been observed on infected leaves at the end of the grapevine growing season, it seems that the ascospores do not have any role in the initiation of the disease in spring. Th e number of chasmothecia formed on leaves was very different between vineyards and years, which agrees with Hajjeh et al. (2008) . No ascospores were found on the bark at the beginning of spring, although they were observed on the leaves in autumn. Holb and Füzi (2016) showed that the releasing of ascospores was signifi cantly correlated with three weather factors (rainfall, relative humidity and temperature). In fact, the effi ciency of transferring the chasmothecia from infected leaves to the bark is determined by rain. Late summer and autumn rains wash them onto the bark of the grapevine where they overwinter (Cortesi et al. 1995 (Cortesi et al. , 1997 . Insuffi cient autumn rains may aff ect the transfer of chasmothecia from the leaves to the bark, resulting in a residue of viable chasmothecia that survive on fallen leaves (Cortesi et al.1997; Jailloux et al. 1999) . So, the absence of chasmothecia on grapevine bark may be explained by the lack of rain in southern Syria, especially during recent years, in autumn before the leaves fall. Th ese results are also in line with Hejjeh (2000) detected chasmothecia on leaves, but they were dispersed in very small numbers from leaves to the bark of grapevines in the Stellenbosch area. Th e fl ag shoots and the number of chasmothecia on leaves were found more frequently in earth-trellised "Jui" vineyard systems than in arbor vineyard training systems. Th ese results are in contrast to those of Austin and Wilcox (2011) who showed that there was no eff ect of training systems on disease development. According to our results, all recorded infections at our sites were as shoots entirely covered with mycelium produced by asexual inoculum. In fact, the dominance of either sexual or asexual overwintering forms of E. necator have been investigated in several grapevine growing regions of the world (Steinkellner 1998; Grove et al. 1999; Halleen and Holz 2000; Grove 2004; Miladinovic et al. 2007) . Th ese results are in line with many previous studies (Gemmrich and Seidel 1996; Halleen and Holz 2001; Hajjeh et al. 2008) . In contrast, several other studies showed that the ascospores released from the chasmothecia had an important role in the initiation of spring infection (Gadoury et al. 1994; Magarey et al. 2000; Moyer et al. 2008; Taksonyi et al. 2010) . In New York (Pearson and Gadoury 1987) and some Italian vineyards (Cortesi et al. 1997) , chasmothecia are the only source of primary inoculum. But, in France (Bulit and Lafon 1978) , California (Gubler et al. 1988 ), Peru (Pearson and Gadoury 1992) , Australia (Magarey et al. 1993) , Germany (Hill et al. 1995) , Iran (Banihashemi and Parvin 1995), Russia and other Italian vineyards (Cortesi et al. 1997 ) chasmothecia are not the main source of primary inoculum.
Th e fl ag shoots carry abundant conidia that cause secondary infections to neighboring leaves and grapevines (Hajjeh et al. 2008) , so our results agree with previous studies (Bulit and Lafon 1978; Person and Gadoury 1992; Magary et al. 1993; Banihashemi and Parvin 1995; Hill et al. 1995; Cortesi et al. 1997; Peros et al. 2005; Fathi and Karbalaei 2012) . In Daher Eljabel site 3, neither shoots nor powdery mildew colonies originating from infection by ascospores were found. It seems that the disease symptoms always appeared late, mid to early June, and must have been the result of conidial infection. Flag shoots were also found more frequently in 2014. Th e vineyards were aff ected by a freeze in early spring 2015 when the temperature reached -16°C and killed most of the branches. Th is explanation was confi rmed by the fact that most fl ag shoots were observed on two year old branches in 2014, while they were on old wood in 2015.
Th e results of this study are the fi rst report about the overwintering form and the primary inoculum of grapevine powdery mildew in southern Syria. 
